at a pH of 8 and 3% NaCl concentration (-0.264 V to -0.291 V) (-0,302 V ke -0,354 V) pada pH 8 dan konsentrasi NaCl 3% (-0,264 V ke -0,291 V 
INTRODUCTION
Titanium dioxide (TiO 2 ) is a semiconductor material that is very important and has many benefits. In the last few years, TiO 2 gives a great attention due to its ability to be used as photocatalyst materials, non toxic, self cleaning, sollar cells, gas sensing and corrosionresistant material with over 5000 publications that have been produced [1] [2] . TiO 2 in the micro powder form has a limitation to be used for the above application due to its low surface area, so that large amount of TiO 2 is required for those applications as has been postulated by Misriyani et al. [3] . This problem can be solved by converting the particle form to the nanotubular form. According to Roy et al. [4] , the nanotubular form has higher surface area than the particle form.
TiO 2 NT have been prepared by various method such as hydrothermal treatment [5] [6] , template deposition [7] [8] and electrochemical anodizing method [9] [10] [11] . Anodization with electrochemical method using titanium foil in fluoride that containing electrolyte has been chosen as the favorable method because the surface of TiO 2 NT films have formed a strong bond with the titanium subtrate. It is also a low cost and simple method [1, 12] . Kapusta-Kołodziej et al. [13] reported that the effectiveness of TiO 2 NT depends evidently on TiO 2 layers. The layers of TiO 2 NT can be controlled by several parameters such as electrolyte concentration, pH, temperature, anodizing voltage, anodizing time and calcination temperature [14] . In addition, as we know that anodized titania nanotube are amorphous that can transform to crystalline by thermal treatment. This study aimed to understand the anodization time and annealing temperature parameters that affecting the TiO 2 surface properties by investigating its crystalline properties.
The applications of TiO 2 NT as corrosion resistance material have been reported by many researches. One application was the use of TiO 2 NT for cathodic protection of steel under UV illumination [15] [16] [17] . However, the works provide limited information of the influence of the electrolyte conditions to corrosion properties. Liu et al. [18] and Wang et al. [19] has reported that the corrosion resistance of steel was affected by pH and concentration of electrolytes. This paper reported the influence of the two parameters on the corrosion properties of SS304 coupled with TiO 2 NT under UV illumination. The linear sweep voltammetry, multi pulse amperometry and polarization curve were used to discuss the photoelectrochemical activity and corrosion rate of TiO 2 NT.
EXPERIMENTAL SECTION

Materials
The TiO 2 nanotube films were grown on the surface of the titanium foil as substrate (Baoji Jinsheng Metal Material Co., purity 99.6 %, thickness 0.3 mm) by anodization method using glycerol 98% p.a (Merck), Ammonium Fluoride (NH 4 F) (Merck) and connected with two electrode cells. Sodium chloride (Merck) was used as corrodes electrolyte solution, while sodium oxalate (Merck) was used as electrolyte solution for photoelectrochemical analysis of TiO 2 nanotube, NaOH (Merck) and HNO 3 (Merck) were used to make the pH series, as well as abrasive paper, distilled water, acetone and ethanol was used as washing solvent.
Instrumentation
Anodization process was conducted using power supply (BK-Precision DC) to provide DC current. The e-DAQ potentiostat connected with computer device (eCHEM software) to record the result of electrochemical analysis. Characterization of the crystalline structure was measured using an X-Ray Diffraction instrument with Cu kα radiation at 40 kV and 30mA (Maxima.X Shimadzu).
Procedure
Preparation of TiO 2 nanotube
Titanium foils were polished by #1000 and #400 abrasive paper and ultrasonically cleaned for 30 min in acetone, ethanol and deionized water. Afterwards, anodization was carried out using electrode cells for 0; 1; 2 and 3 h in glycerol based electrolyte containing 0.5% NH 4 F and 25% distilled H 2 O at a potential of 20 V (power supply BK-Precision DC) between titanium foils as anode with a fixed distance of 2 cm and Pt foils as cathode cell [20] . In order to change the form of sample from amorphous to crystalline, the thermal treatment at 400, 500, 600 and 700°C was conducted in a furnace (Barnstead Thermolyne Analytical Lab). The temperature was increased from room temperature to the certain temperature and maintained at the temperature for 3 h.
Photoelectrochemical characterization of TiO 2 nanotube
Photocurrent were measured using three electrode cell connected to potentiostat eDAQ (model ED401) and UV lamp 11W GNB model as a source of illumination. The TiO 2 NT was used as a working electrode, platinum as a counter electrode and Ag/AgCl as reference electrode. The experiments were carried out in HCOONa (0.05 M) electrolyte with potential range ± 1.2 V at a constant scan rate of 10 mV/s, in the dark and under illumination to get the photocurrent density value using a linear sweep voltammetry technique. For the corrosion test, photoelectrochemical system was performed at two compartments; TiO 2 NT as a working electrode in the photoanode cell and the
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Photoelectrochemical system for corrosion prevention [30, 17] other as the corrosion cell at the cathode cell consisted of stainless steel, counter and reference electrodes. The two cell compartments were connected by an external circuit as shown in Fig. 1 and the electrolyte were connected by a salt bridge (U pipe containing KCl in agar). NaCl solution was used as electrolyte at corrosion cell that prepared with concentration varying between 3 to 4 M.
RESULT AND DISCUSSION
Characterization
Effect of calcination temperature
Fig . 2 shows the X-ray diffraction pattern of TiO 2 NT at calcination temperature of 400; 500; 600 and 700°C. At these patterns, the four samples of TiO 2 NT provide a good peak character of TiO 2 anatase and rutil. The characteristic of the peak for anatase phase is at 2θ = 25°, 36°, 48°. Whereas the one for rutile phase is at 2θ = 27°. The peak for anatase phase appears in the four diffractograms. The intensity of peak in diffractogram (b) 500°C is considered higher than that in other diffractogram. At the heating temperature of 400°C the peak for anatase and rutile phase is not too intense. It indicates that the phase is still dominated by amorphous [10] . The intensity of the phase increases at heating temperature of 500°C. The increase in intensity of the anatase peak is very high, whereas the rutile phase is low. At the heating temperature of (c) 600 and (d) 700°C the peak intensity of anatase phase drastically decreases.
During the calcination process, porous titanium dioxide undergoes crystallization process to form anatase and rutile phase depending on the annealing temperature, as can be seen in the XRD spectra. In this study, the peak intensity of the anatase increases with calcination temperature up to 500°C, indicating that the anatase crystallization increases with increasing calcination temperature [21] . However, when heatead increased up to 700°C, the intensity of the anatase decreases, followed by the appearance of rutile peak. Similar observation was also reported by Sreekantan et al. [22] . Fig. 3 shows the diffractograms of TiO 2 NT at anodizing time of 0 h; 1 h; 2 h; and 3 h. The XRD pattern showed that unanodized material (0 h anodizing), only provide titanium character peaks at 2θ = 37; 39 and 52°, while the TiO 2 character peaks have not been detected. After the anodizing process and thermal treatment at 500 °C, the anatase characters peak appear at 2θ = 25°; 36°; 37°; 38°; 48°and 54°according to Zhang et al. [23] . The titanium peak at 38.4°(002); 40.4°(101) and 53.2°F (102) become weak and lost, this indicates that the substrate of titanium has been oxidized during anodization and transformed to crystal phase during the heating process at the temperature of 500°C.
Effect of anodizing time
The intensity of anatase peak increases by increasing the anodizing time. The increase of intensity may be resulted by the increase of tube length. Our previous work reports in detail the growth of tubes of TiO 2 nanotube with the average length 3.4 nm [24] . Li et al. [25] reported that the long process of anodizing could increase the length of the tube that increase the thickness of TiO 2 NT. Bauer et al. [2] and Nischk et al. [11] report that the growth of thickness of nanotube film could increase the intensity of the peak of anatase. It is also influenced by the amount of surface area of TiO 2 NT in the material. 
Photoelectrochemical Test
Effect of anodizing time
The influence of anodizing voltage on photoelectrochemical behavior of TiO 2 NT has been discussed in the previous study [26] . As has been mention above that anodizing time was also important in the formation of the nanotube. The anodizing time affected the tube length, while anodizing voltage affected the tube diameter. Fig. 4 shows photocurrents of TiO 2 NT as a function of the anodizing time. It can be seen that the increase of anodizing time is in accordance with the increase of photocurrent. This shows that the tube length increases with the increase of the time of anodizing. The increase of tube length may increase the contact of light with the surface of TiO 2 NT films, as has been postulated by Acevedo-Peña and González [27] . Kim et al. [28] reported that the surface area of the TiO 2 NT increases with the increase of the tube length. Therefore, photoelectrochemical activity increases.
In addition, the higher the tube length, the greater possibility of the tube wall to be contacted with titanium substrate due to the increase of charge transport electricity and the small resistance between TiO 2 NT and titanium substrate. Photocurrent and light response decrease at anodizing time of 4 hours, as shown in the multi pulse amperometry curve (Fig. 4b) . The reduction of photoelectrochemical activity was caused by the damage of surface due to the long chemical etching process. The damage surface of the tube causes the increase of recombinant between the excited electrons and the hole. Thereby the values of current density of the light response decrease. This result is supported by the result of Xing et al. [29] . In addition, the tube wall thickness decreases by increasing anodizing time. As a result, the active surface area of TiO 2 NT decreases. The same result has been reported by Li et al. [10] . 
Effect of calcination temperature
Fig . 5 shows the photocurrent response of TiO 2 NT as a function of the calcination temperature. It is obvious that TiO 2 NT calcined at 500°C provides the highest photocurrent density, because a lot of electrons can be transported during the UV light exposure. According to Li et al. [10] , it can be resulted from the excellent crystalline and the well order nanotubular structure that very useful as a charge transfer place. Fig. 5b shows the multi pulse amperometry curve to determine the photoelectrochemical activity. This result indicated the good response of TiO 2 NT to UV light exposure. Therefore it is useful to be applied as anti corrosion material on stainless steel.
Anti Corrosion Test
Effect of pH
The mechanism of corrosion prevention of metal refers to previous study which reported that on photocathode system, the excitation of electrons of TiO 2 nanotube will occur under ultraviolet light exposure. Furthermore, the electrons will flow on the metal and shifting the metal potential to more negative values. The accumulation of electrons on the surface of the metal causing the metal can be protected from oxidation, so that corrosion prevention of metal can be achieved [30] [31] [32] . Analysis of corrosion prevention mechanism of TiO 2 nanotube material can be determined by computing QSAR method or molecular dynamic study. It allows to predict the potential inhibition and anticorrosion properties in some of material [33] [34] [35] , which was not reported in this paper. Fig. 6 shows Tafel polarization curve of stainless steel in the variation of pH at 3.5% NaCl solution. It can be observed that the potential value is closed to the positive value provide by the solution at pH 4. The increased pH, decreases the corrosion potential value towards the more negative until pH 6. The pH 6 give the most negative corrosion potential than others, which indicates the most optimum conditions to protect stainless steel from corrosion. Furthermore the increasing pH up to 10, increase the potential value towards the more positive value until pH 10. From the above result it can concluded that the corrosion occurs at more acidic or more alkaline of NaCl solution. Fig. 7 shows the TiO 2 NT prevent the corrosion stainless steel at varying pH. It can be observed that for overall pH value, the potential value of stainless steel coupled with TiO 2 NT shifts to the more negative (accordance with as shown in Table 1 ). It indicates that stainless steel coupled with TiO 2 NT have been successfully protected the stainless steel from corrosion. The potential corrosion of stainless steel coupled with TiO 2 NT in more acidic or more alkaline condition shows more positive potential. This indicates that, at this condition, the stainless steel is vulnerable to corrosion.
The electrochemical parameters obtained from analytical calculations of polarization curves showed at Table 1 . The Icorr, Ecorr and corr rate parameters, which indicates the current density, corrosion potential and the corrosion rate of stainless steel coupled and uncoupled with TiO 2 NT respectively. The corrosion rate of stainless steel coupled with TiO 2 NT under ultraviolet exposure at a pH of 8 decreases up to 1.7 times that of uncoupled stainless steel. However the corrosion rate of stainless steel coupled with TiO 2 NT at other pH is higher than that of uncoupled stainless steel. This indicates that there is no protection for the corrosion of stainless steel. It concluded that the corrosion prevention of stainless steel by using TiO 2 NT can be performed in NaCl solution at pH 8. The result Fig. 8 shows the tafel polarization curve of stainless steel in various concentrations of NaCl solution. It can be observed that potential value of stainless steel shifts toward the more negative value by increasing the concentration of NaCl. This indicates that the best corrosion protection occurs at high NaCl concentrations of 3%. The existence of chloride ions influences the corrosion process. The result is not parallel with the one reported by Wang et al. [19] and Asaduzzaman et al. [36] . According to the researches the higher the concentration of NaCl, increase the rate of corrosion reaction and shift the potential to the more negative value. The opposite result obtained in this study is possibly caused by the high concentration of Cl -which was above the threshold value. According to Eliyan et al. [37] , it can decrease the corrosion rate and it can control the rate of corrosion by cathodic reaction.
Effect of NaCl concentration
Liu et al. [38] also reported that increasing Cl -concentration up to maximum value of 2.5% can promote the anodic reaction and inhibit the cathodic reaction. At Cl -concentration more than 2.5%, the corrosion was controlled by cathodic reaction during corrosion process. As a consequence, the corrosion potential value shifted to the more negative direction or the corrosion was protected. It is accordance with the Cl -concentration range used in this study from 3-4%. Fig. 9 shows the influence of NaCl concentration on corrosion potential shift of stainless steel coupled with TiO 2 NT on UV light exposure. In addition the corrosion rate of stainless steel coupled with TiO 2 NT decrease up to 2.2 times compare with uncoupled stanless steel at 3% NaCl concentration as shown in Table 2 . It is clear that stainless steel coupled with TiO 2 NT can protect the stainless steel from corrosion by shifting the corrosion potential towards the more negative value and also decrease the corrosion rate. The significant potential shift occurs at 3% NaCl (from -0.264 V to -0.291 V) which indicate the highest performance of TiO 2 NT to prevent the corrosion under UV light exposure.
CONCLUSION
The TiO 2 NT can be obtained by anodizing process at anodizing time of 3 h followed by thermal treatment at 500°C. The tube length and crystallinity increase with the applied anodizing time and calcination temperature. The photoelectrochemical measurements showed that the stainless steel 304 coupled with TiO 2 NT could shift the corrosion potential to the more negative value under UV light exposure, with the significant potential shift occur at pH 8 and 3% NaCl concentration. In addition the corrosion rate of stainless steel 304 coupled with TiO 2 NT can reduce up to 1.7 times and 2.2 times compare to bare stainless steel at pH 8 and 3% NaCl concentration respectively. In conclusion the TiO 2 NT can reduce the corrosion rate of stainless steel 304 and the result is expected to be used as a reference conditions chosen for preventing the corrosion from the environment.
